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Section i 
INTKOUUCriON 


This final report summarizes the testing performed for Marshall 
Spu^e Flight Center (MSFC) of Huntsville, Alabama, to measure 
the effects of material outgas products on the reflectances of 
ul t rav iolc t - rogi on mirrors. The testing was done by the Materials 
and Processes Section of Ball Brothers Research Corporation (BBRC) 
in accordance with contract NASS- 27990, modifications 1 through 3, 
covering the time period 14 October 1971 to 15 December 1973. 

Mr. J. C. Horton of MSFC's R-P fj VE Materials Laboratory was the 
Technical Monitor for this program. 

The purpose of these tests was to provide MSFC with data on 
changes of ultraviolet reflectances of first-surface mirrors 
which had been exposed to the outgas products of selected materials 
under specific time and thermal -vacuum conditions. The requirement 
for such data was based on the extreme sensitivity of the sophisti- 
cated optical instruments in the Skylab mission’s Apollo Telescope 
Mount (ATM) to condensed outgas products from materials, and on 
the desire by MSFC to insure that no serious hazard of contaminat- 
ing these instruments existed. 

Sixteen materials samples were supplied by MSFC. The data obtained 
in the testing of these samples included: 

• Weight loss of each sample during thermal -vacuum 
condi tions 

* Changes of reflectance of f i rst -surface platinum 
mirrors at the ultraviolet wavelengths of 3U4, 534, 

O 

and 1 2 1 6 A as a result of their exposure to the 
selected materials during thermal -vacuum conditions. 
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A modification to the contract authorized further investigation of 
an apparent anomaly which was evident in the mirror reflectance 
data. This anomalous condition was characterized by significantly 
greater reflectance changes occurring at 1216&, than at the other 
two wavelengths in several of the tests. This condition did not 
agree with the previous expectations that the shorter wavelengths, 

O 

those in the extreme ultraviolet at less than 1000A, probably would 
be more sensitive to adsorbed contaminants than would the longer 
wavelengths. Thus, the condition was considered anomalous pending 
further investigation. Part of the study that was made of the 
apparent anomaly wes concerned with the stability of mirrors and 
the precision of reflectance measurements since, in order to deter- 
mine the significance of small, indicated changes of reflectance 
of the mirrors, it is necessary to know the precision with which 
each measurement is made and the uncertainty of the calculated 
reflectance-change values. 
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MEASUREMENT EQUIPME.V' AND PROCEDURES 


2.1 VACUUM EXPOSURE TESTS 

2.1.1 Equipment 

The exposure o if the platinum mirrors to the materials samples was 
done in BBRC's contamination screening test thermal -vacuum chambers. 
Figure 2-1 shows a diagram of such a system. The system consists 
of: a stainless steel vacuum chamber, a 20 liter per second ion 

pump, a temperature-controlled collector platen, a chamber heater, 
and a cryo-sorption loughing pump. An orifice plate divides the 
vacuum chamber into a heated sample cavity and a collector cavity. 
The opening of the sample cavity points directly at the collector 
platen, which is in the collector cavity, and through which a 
temperature-controlled fluid circulates. The vacuum system is 
designed to maximize the probability that the outgas products 
leaving the sample cavity will first contact the contaminant 
collector. All system gaskets are copper except for the fluoro- 
elastomer (Viton) seals on the roughing and bleed-up valves. Pump- 
down from atmospheric pressure is accomplished using the cryo- 
sorption pump, filled with molecular sieve, which together with 
the ion pump provides a clean, contamination- f ree system. Tempera- 
ture control of the sample is provided by individual adjustable 
temperature controllers for each system. Temperature control of 
the collector platen is provided by a refrigerated circulating bath 
ivhich circulates fluid to all systems through flow meters. Power 
for the ion pumps is provided from a single power supply through a 
multiple-station switching unit. Pressure of the individual system 
vacuum chambers is determined by the ion pump current for that 
chamber pump as read on the switching unit. The master control 
console containing the power supply and the switching unit also 
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includes individual elapsed time indicators and the adjustable 
temperature controllers for each system. 

The we lit it of samples is measured using an Ainsworth Model 24N 
semi -mi crobalance which reads to 0.01 milligrams and features 
reproducibility of +0.02 milligrams. The balance can be used to 
weigh samples weighing up to SO grams. 

The test systems and the screening test procedure are similar to 
those used in a previous materials test program done for MS PC and 
are described in detail in Reference 1. 

2.1.2 Procedure 

The genera] steps of the test procedure are as follows: 

• The vacuum chamber is prepared by solvent cleaning 
the interior surfaces and then vacuum-baking the 
chamber at approximately 250 to 300°C for a minimum 
of 100 hours. 

• The reflectance of the platinum mirror is measured 
in accordance with paragraph 2.2. 

• The sample is prepared by cutting or trimming it to 

a standard size, generally such that the exposed 

2 

surface area is about 25 cm , and then the surface 

2 

area of the sample is measured to +0.1 cm . All 
reasonable precautions are taken during sample 
preparation and handling to prevent contaminating 
it so that the sample can be tested in the "as 
received" condition. 
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• TKe sample and tie mirror arc then placed in a 
desiccator and allowed to stabilize at the tempera* 
ture of the balance for a minimum of one hour 
(generally overnight) . The sample is then weighed 
to the nearest 0.01 milligram. 

• Tlie sample is then placed in the sample cavity of 
the test chamber and the mirror is attached to the 
cooled platen using a specially prepared, low vapor 
pressure vacuum grease as the attachment and thermal 
transfer medium. 

• The chamt. ,• is evacuated, the elapsed time indicator 
is started, and the chamber heater and the cooling 
fluid flow rate are adjusted as needed. 

• The test is conducted for 72 hours at a chamber 
pressure of less than 10 Torr with the sample at 
55°C and the mirror at 25°C. These conditions had 
been previously chosen by BBRC to provide accelera- 
tion of sample outgassing and a convenient test 
duration while permitting testing for a reasonable 
time and at a temperature close to the maximum 
generally expected during ATM flight operation at 
points inside the ATM cannister. For some tests, 
noted in Section 4, the conditions were changed to 
24 hours with the sample at 100°C. This was done 

at the request of MSFC for samples of paints intended 
for use on the exterior of the ATM cannister. 

• Immediately after the thermal vacu- m exposure is 
completed, the sample is again placed in a desiccator 
and allowed to stabilize at the temperature of the 
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balance for a minimum of one hour and then it is 
reweighed. 

• The reflectance of the mirror is measured again. 

1.2 UimwaOLBT-HBULON KBiLUCTAN'Ct MBASURCMliNTS 

2 . 2.1 equipment 

The system used fc making the ultraviolet- region reflectance 
measurements consists of a monochromator, a ref lectoweter , an 
ultraviolet source and appropriate gas supply system, a signal 
detector and amplifier, and a strip chart recorder. 

The monochromator is a McPherson Model 247 which is a 2.2 meter, 
grazing incidence, vacuum-ultraviolet - region monochromator/ 
spectrograph. It uses a Rowland Circle type optical mounting for 
concave gratings. The entire optical system, stainless steel 
ways* main vacuum chamber, bellows, slit isolation valves, and 
wavelength drive mechanism are mounted on a granite base plate. 

The grating assembly is kinematically mounted and may be removed 
for ease of grating removal and replacement. The hall -width 
resolution at all. wavelengths and with 10 micron slits is better 

O 

than 0 . 3A with a 300 line per millimeter grating and better than 

O 

0.1SA with a 600 line per millimeter grating. The theoreticol 

O 

wavelength range ol the monochromator is from 10 to 2500A and it 
has been used to produce monochromatic lines in the soft X-ray 

O 

and ultraviolet range from 44 to 2000A. The major components of 
the vacuum pumping system of the monochromator consist of a 15 
cubic feet-per-minute mechanical pump and a four- inch oil diffusion 
pump with a liquid nitrogen cold trap. 
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The vacuum chamber of the ref 1 ectometer attaches at the exit - lit 
of the monochromator. It has its own vacuum pumping system in, .tid- 
ing a 15 cubic* foot *per*minuto mechanical pump and a two- inch oi 1 
diffusion pump equipped with a liquid nitrogen cold trap, ‘file 
ref lectoueter can be used for both reflectance and transmittance 
measurements and can accommodate up to three small mirrors at a 
time. Both translation and rotation of the mirror mount can he 
achieved to properly position the mirrors. The reflectance 
measurements for this program were made at an angle of incidence 
of 7-1/2 +1/2 degrees. The detector is mounted on a rotation am 
allowing both measurement of the beam from the monochromator's 
exit slit and of the reflected beam from the mirrors. The detector 
is an LMI multiplier phototube and uses a sodium salicylate coating 
on the end window. 

The -v* . " uviolet sources, the amplifier and the recorder are all 
made by McPherson and are designed to match the characteristics 
and performance of the monochromator. 

2.2.2 Procedure 

The first step in the procedure is to mount UH-f CL 1 ign the mirrors. 
For alignment purposes the gas discharge lamp is replaced by a 
white light source and the monochromator is set tor central image 
at the exit slit. The mirrors are individually positioned in the 
mirror mount such that the light beam falls on the central portion 
of each of the mirrors in turn. If necessary, the beam sice is 
adjusted using aperture plates, and the angle indicators for the 
detector and the mirror mount arc reset. 

Then the vacuum chambers of both the ref lectometer and the nono- 
chroma tor are evaluated to a pressure of less than 10’^ Tot 
Genera 1 I y , a time period of about 45 minutes is allowed for the 
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pump-down and pressure stabilization. The ultraviolet source is 
then started and an additional 30 minutes are allowed For its 
stabilization. 

O 

At each of three wavelengths, 1216, 584, and 304A, the detector is 
rotated into the beam from the exit slit of the monochromator and 
adjusted for peak signal. This direct signal is recorded for 
approximately 30 seconds. The first mirror is then moved into the 
beam and the detector is rotated to intercept the reflected beam 
where it is again adjusted for peak signal. This reflected signal 
is recorded also for approximately 30 seconds. The other mirrors 
in the mount are then positioned, in turn, in the beam and again 
the reflected signals are recorded as with the first mirror. The 
direct signal is once again recorded for 30 seconds, and is 
followed by a 30-second recording of 1 e base line signal wiLh the 
slit closed. The reflectance measurements are repeated three times 
at each wavelength for all mirrors. During the reflectance measure- 
ments the mirrors remain at room temperature. 

Following completion of the measurements, the ref lectometer is 
isolated fivm the munochrumato t and the ref lectometer is brought 
to atmospheric pressure using nitrogen gas. The mirrors are 
removed from the mount and are returned to their individual con- 
tainers . 

A Gerber variable scale is used to measure the recorded signal 
levels on the chart paper and the reflectance at each wavelength 
is calculated for each mirror as follows: 

R(percent) = (100) — x 

whe re 

R - tli o reflectance (in percent) 

D = the direct beam intensity 
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2 = the base line or zero signal intensity 
r = the reflccte* beam intensity 

The three reflectance values obtained at each wavelength for each 
mirror are averaged. These averaged values are the ones shown on 
the individual test data sheets, which have been supplied to MSEC 
in the monthly reports for this program. 

2.3 MIRROR HANDLING AND STORAGE 


In all cases the mirrors were handled by the edges and corners 
using either cleaned nonporous gloves or solvent -cleaned metal 
tweezers. At all times when they were neither in tests nor in 
the ref loctometer , they were store’ in cleaned tin-plated steel 
cans with tight-fitting lids. 


2*8 
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Section 3 

PRECISION OP ULTRAVIOLET-REGION 
REFLECTANCE MEASUREMENTS 

3.1 DISCUSSION OF ERRORS AND PRECISION 

Error in measurements is normally thought of us the deviation from 

a true or exact value and generally presupposes knowledge of the 
f 2 1 

exact value^ . However, since the exact values of the ultraviolet- 
region reflectances of the mirrors are not known, for purposes 
of this analysis error is used to denote the deviation from the 
mean value of a small sample of measurements. 

All measurements are subject to three basic types of errors; 
systematic (those errors related to equipment, etc.), human, and 
random. If repeated measurements are free of systematic and hum m 
errors, they can be treated statistically to evaluate the random 
errors. Precision is defined here as the clustering of individual 
measured values of a property about the arithmetic mean of a set 
of measured values of the property^. It is not to be confused with 
accuracy, which applies to the difference between measured values 
of a property and its true or absolute value. For normal distri- 
butions of measured values the degree of clustering is given in 
teims of various measures of precision such as standard deviation, 
average error, and probable error. The measure of precision used 
here is the probable error, r, which is the error such that on»_-- 
half of the deviations of individual measurements from the mean 
value of a set will be less than r and one-half will be greater 
than r^. Thus, for a given measurement, the measured value will 
have a 50 percent probability of being within r of the iitean value. 

The probable error is calculated for a set of measured values using 
the following formula: 
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j 2 1/2 

Probable error = r + +0.6745 ] (Reference 5) 

— 1 n - .1 

where 

xj = (x - x^) residuals 

x = mean 

n 

- individual measurements 

n - total number of measurements 


The uncertainty of the probable error is inversely proportional 
to the square of the number of measurements according to 


r 


r 


0.4~ -9 

“TAT 

n 


(Reference 6) 


which yields the probable error of the probable error of the 
sample of n measurements. 


When two or more measured values are used 
another value, the errors of the measured 
to the derived value. Calculation of the 
probable error) is based on the equation 


in calculations to derive 
values are propagated 
uncertainty (propagated 


^ - K'ic 3S> 


2 '2 
■ g) 


1/2 

] (Reference 7) 


where the 
values x. 


derived value is Z which is a function of the measured 

y » ... • 


The value of Interest in the 
change in reflectance, which 


present ultraviolet 
is a derived value: 


test data is the 


AR = - R 2 reflectance change 

where 

R^ = reflectance before exposure 
R, ® reflectance after exposure 
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Tor the reflectance change values, the equation for uncertainty 
reduces to 


1/2 


r AR * ltr 


R l’ 


(f R ) i 
2 


or s i mp l y 


where 


*AR = /T r 


R 


R 


R 


= r 


1 


R. 


For routine contamination tests and contamination monitoring mea- 
surements of ultraviolet reflectance, the costs would be prohibi- 
tive to make sufficient repeated measurements to calculate the 
measurement precision at each wavelength for each set of measure- 
ments for each mirror. Thus the accepted practice at BBRC has 
been to periodically perform a precision analysis on one or two 
mirrors, making twelve or more measurements at each wavelength of 
interest. The probable errors at each wavelength, r^, were cal 
culated and it was then assumed that the precision of subsequent 
measurements would be essentially the same if no other errors were 
made and the measurement procedure remained consistent. Then the 
uncertainty (propagated probable error) of the reflectance change 
values at each wavelength, r^, would be the square-root-of -two 
times the probable errors of the individual measurement sets at 
each wavelength or /T r^. The uncertainty values obtained for 
the one or two mirrors would then be used as estimated uncertain- 
ties of reflectance change values for other, similar mirrors when 
the same measurement equipment and procedure were employed. This 
technique has been used at BBRC for approximately ten years and 
applied to about 1000 magnesium- f luoride-overcoatcd-aluminum 
mirrors, which were measured using different equipment than that 
u^ed in this program. In that case the technique has proved 
quite acceptable. The technique has been used only for a little 
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over three years with platinum mirrors and the equipment used on 
this program. 

The estimated uncertainty values obtained in t he manner described 
above are those values of reflectance change which have approxi- 
mately a 50 percent probability of occurring because of randomness 
A single value of reflectance change between two and three times 
the 'estimated uncertainty value has a low probability (between 
about 4 and 20 percent) of occurring randomly. However, in this 
program we have generally considered such a change to be real and 
significant only if substantiating evidence, such as significant 
changes at other wavelengths has existed. Reflectance change 
values exceeding about four times the estimated uncertainty values 
have very low probabilities (less than about four percent) of 
occurring randomly and we have considered these indicated changes 
to be definitely real and significant. 

3.2 - PRECISION OF MEASUREMENTS AND UNCERTAINTY OF CHANCE 

VALUES 

At the beginning of this program the uncertainty of the ultra- 
violet reflectance change values was estimated based on a previous 
error analysis using platinum mirrors and the same equipment and 
procedure described in section 2.2. The estimated uncertainty of 
reflectance change values was approximately +0.2 percent* at 304 

o o 

and 5S4A and jH).4 percent at 12 1 6 A . During the repeated measure- 
ments discussed in Section 5, a now error analysis was made using 
twelve measurements at each of the three wavelengths on mirrors 
25-11 and 25-23. The results of the analysis are given in Table 3 


*Percei';, as used throughout this report in connection with 
reflectance, reflectance changes (as well as probable errors and 
uncertainties) refers to the units of the reflectance measure- 
ments and not to the ratio of reflectance change to initial 
reflectance (i.e., not AR/hj.) . 


5-4 



1-74-0 1 


The uncertainty values shown in the table were averaged and then 
rounded to one figure giving uncertainties of approximately ■•'0.1 

O O 

percent at 304 and 584A and + 0.4 percent at 1210A. The values 
were rounded to one figure because the formula for probable error 
of probable error indicates that calculations based on only twelve 
measurements are only precise to about 14 percent, which is not 
adequate for two figure values. 


Table 3-1 

RESULTS OF PRECISION ANALYSIS 



304A 

Percent 

584A 

Percent 

1 2 1 6A 
Percent 

Probable error; r. 
Mirror 25-11 

+ 

0 . 102 

+ 

0.021 

+ 

0.22 

Probable error; r, 
Mirror 25-23 

+ 

0.100 


0.133 

4 * 

0.26 

Uncertainty of AR; 
r AR , Mirror 25-11 


0 . 144 

♦ 

0.03 

+ 

0.31 

Uncertainty of AR; 
r A £, Mirror 25-23 


0 . 141 


0 . 19 

4 * 

0.37 


NOTE: Values above are only precise in the 

first figure shown. More figures are 
shown here only for comparison and 
calculation purposes 


Average_uncertainty 

of AR; r. R , for esti- Approx. Approx. Approx, 

mates applied + 0.1 + 0.1 + 0.3 

to other mirrors 


The results of the precision analysis allow us to make the follow- 
ing statements: 


• Reflectance change values less than about +0.2 

O 

percent at 304 and 5S4A and less than about +0.4 
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porceat at 1 2 1 o A will randomly occur about one-half 
of the time and do not signify real changes. 


• Reflectance change values between about +0.2 and 

O — 

+ 0.6 percent at 304 and 5 84 A and those between 
about + 0.4 a,ltl .2 percent at 12 1 o A have chances 
varying from even to as low as 1 in 20 of being due 
to random measurement errors. Such values, though 
suggestive of real reflectance changes, do not 
indicate strongly that the changes are not random. 
Borderline change values of this type are the 
hardest to interpret. 

• The chances are high (greater than about 10 in 201 
that reflectance change values which exceed about 

O 

+0.6 percent at 304 and 584A and those which exceed 

o 

about +1.2 percent at 1 2 1 6 A are real changes, and 
thus they are considered significant. 

The statements above cannot be considered exact; they are only 
intended as general guides for determining the importance of small 
indicated reflectance changes. In the following sections of this 
report, the words insignificant, borderline, and significant a"e 
used without further elaboration to describe reflectance changes 
of mirrors. The reader should recall that these are somewhat 
qualitative descriptions based on an approximation technique. 
Nevertheless we feel that they are generally valid interpretations 
of the test data. 
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Section 4 
TEST RESULTS 

4.1 BACKGROUND TESTS 

There was a total of five background tests completed during the 
program. These tests were like the materials tests with the excep- 
tion that there were no samples in the vacuum chambers during the 
the rmal -vacuum exposures of the mirrors. Thus any significant 
reflectance changes of the mirrors used in these tests would be 
attributable to causes other than contamination directly by outgas 
products from materials samples. The reflectance change data fr->m 
these background tests are summarized in Table 4-1, and Appendix A 
includes copies of the individual test data sheets. 


Table 4-1 

BACKGROUND TEST RESULTS 


Test No. 

Mirror No. 

Reflectance Changes 
at 304A at 584A 

- Percent 
at 1216A 

1835 

H-3 


0.1 

+ 0.4 

- 0.9 

1 S36 

H-4 

+ 

0.1 

+ 0.5 

- 1.5 

1849 

25-4 

•f 

0.3 

+ 1.1 

+ 0.7 

1859* 

25-8 


0.3 

+ 0.6 

- 1.7 

1905 

25-12 

- 

0.4 

- 0.2 

0 


* For Test No. 1859 the thermal vacuum test conditions 
were 24-hour test duration with the sample cavity at 
100°C, rather than the 72 hours at S5 c C which was 
normal for these ul traviolet - region contamination 
screening tests. 

Of the six results obtained from the mirrors of test numbers 
1835 and 1836, only one showed a significant reflectance change, 
while three showed borderline changes. The remaining two changes 
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wore insignificant. The mirrors used in these two tests were 
together m the ref Lee tometer both for the ultraviolet measure- 
ments before and those after the therma 1 - vacuum exposures*. 

In the results obtained from the mirrors of text numbers 1849 and 
1859, all changes were at least borderline with two of the changes 
being significant. These two mirrors were in the ref lactometer 
for ultraviolet reflectance measurements with other, new mirrors 
before they were used in the background tests. However, both were 
In the ref 1 ec tometer for the "after- exposure" measurements with 
other mirrors which had been in materials tests and may have been 
somewhat contaminated. 

The mirror used in test number 1905 had no significant reflectance 

O 

changes and only one borderline change at 304A. This mirror, how- 
ever, was in the ref lectometer both before and after its background 
test with possibly contaminated mirrors. 

The results of the background tests are A ■ ‘••cussed further in Section 
6 along with a general discussion of the results of all of the tests 
on the program. 

4.2 MATERIALS TESTS 

Sixteen samples of materials were submitted by MSEC for testing 
under this program. All of the tests on these samples were 
reported in detail, both by telephone as soon as the test data were 


* Table B-l of Appendix B lists all of the mirrors which were 
together in the re Hectometer during their reflectance measure- 
ments . 
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available, and in the periodic progress reports which included 
te<t data sheets on the individual samples tested*. The data from 
these materials tests arc summarized in Table 4-2 and copies of 
the data sheets are included in Appendix A. 

During three of the tests, 1820, 1841, and 1041, readily visible 
contaminant deposits had been adsorbed on the mirror surfaces and 
significant reflectance changes had occurred at all measured 
wavelengths for these mirrors. The materials in these tests wet - 
the first sample of S-13C white paint**, the ATM door seal, and 
the silicone impregnated glass cloth. From a contamination- 
potential viewpoint, all three of these materials, when in the 
"as- tested" condition, are considered to be a serious threat and 
unacceptable in proximity to ultraviolet optical surfaces in 
vacuum. 

In an additional tv.o tests, 1860 and 1863 on two more S-13C white 
paint samples, the reflectance changes at all three wavelengths 
were significant although visible deposits were not produced on 
the mirrors. Another material, the Beta Cloth run in test 1924, 

O 

caused significant reflectance changes at 584 and 1216A and a 

O 

borderline change at 304A. Again from a contamination-potential 
viewpoint, these materials, when used in the "as-tested" condi- 
tion, are considered to be undesirable and their use would be 
highly questionable in pioximii, to ultraviolet optical surfaces 
in vacuum. 


* Progress Reports numbered 1 through 21 covering the time period 
9 November 1971 through 31 July 1975. 

At the request of MSFC all three tests of the S-13G white paint 
Wi-re run with a test duration of 24 hours and the sample at lOO’C 
r.-thei tnan the 72 hours at 55°C which is normal for the ul tra- 
veler . out -.minat ion screening tests. The intended use of the 
^•13G v. ;i s o.s the exterior of the ATM cannister as well as other 
e:.te i surfaces of the Sky lab where the operating temperatures 
Wi.-aiti likely be on the order of 100°C, 
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Thu Viton l’L\ 10UU8 m test number l'JP'J, the Nome* lacing tape 
in test number l’J23, and tin* V-747-75 o*iiug compound in tost 

o 

number 1032 all caused significant reflectance changes at 1216A 
and borderline changes at the other two wavelengths. The Viton 
I’LV IUUoA in test number Ulo caused borderline changes at alt 
three wavelengths. These four materials, though not as bad as 
those already discussed above, perhaps are still borderline 
materials and their use near ultraviolet optical surfaces in vacuum 
should be strictly controlled to prevent 1 ine-of - 1 ight conditions 
between the materials and the optics, to prevent use of large 
quantities of the materials and to prevent use of the materials 
where they might be heated above the temperature of the optics. 

The Cat-A*Lac black paint in test number 1837 and the black Tedtar 

Q 

in test number 1838 caused reflectance changes at 121GA which were 
apparently significant but which were not at all substantiated by 
even borderline changes at the other two wavelengths. The remain- 
ing four materials; the aluminized Mylar in test number 1840, 
the fiberglass standoff in test number 1845, the ATM flight cable 
in test number 1853, and the ATM insulation button in test number 
1837 produced no significant reflectance changes and only one or 
two borderline reflectance changes each fo 5 their respective test 
mirrors. These six materials, appear to have sufficiently low 
potentials for contaminating ultraviolet optics that they do not 
represent a serious threat. 
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Section 5 

ANALYSIS OF "IgloA ANOMALY" 

5 . 1 ANOMALY 0 1 SCUSS ION 

Man> of the progress reports made note of the fact that the 

g 

ref' Umce changes generally were greater at 12'oA than at 3U4 
and 5S4\. and that repeated measurements were being made in an 
attempt to explain the data. Progress Report No. 11 (1 September 
1972 through 30 September 1972J also indicated that preliminary 
study of the data showed perhaps some reflectance changes during 
storage of the mirrors and that cross-contamination between 
mirrors was possibly occurring in a few hours in vacuum at room 
temperature . 


The assumptions in the past regarding the absorption of ultraviolet- 
region radiation by adsorbed contaminants led us to expect greater 
reflectance losses at the shorter wavelengths, at least down to 
the X*ray region. Our prior extensive experience in the wavelength 

O 

region between llbO and 3800A had indicated the shorter wav-el engths 
in this region to be appreciably more sensitive to outgas products 
from plastics and hydrocarbons than the longer wave lengths . lie 
were well aware of the transmission bands of metals at wavelengths 

O - » 

below U'OOA with transmission increasing down to their X-ray 
absorption bands. Probably the most well known of these is aluminum 

O 

with a transmission onset at about 800A. In fact, most pure metals 
do transmit to various degrees in the extreme ultraviolet 1 ' , 
however, we had not expected similar characteristics from the 
much more varied outer electron clouds of complex plastic and 
hydrocarbon molecules. Thus the initial observations of much 

o o 

greater changes at 1216A than at 304A, and to some degree than 

O 

at 584A, led us to question the data as irregular or anomalous. 
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S. 2 


BACKGROUND -TEST AND CONTROL MIRROR ANALYSES 


As part of an attempt to explain the "anomalous" data obtained in 
this program, some mirrors were measured repeatedly at various 
time intervals during the program. The results obtained from 
these control mirrors (numbered H-4, 2 S - 4 , 25- 1 a, and 25-23) are 
discussed in Sections 5.2.1 through 5.2.4. 

5.2.1 Mirror H-4 

Table S-l lists the individual reflectance values obtained at 
each wavelength for each date on which mirror H-4 was measured. 

The reflectance averages for each date and wavelength are plotted 
in Figure 5-1. This mirror was initially measured with two other 
new mirrors (12-6-71) and then it was used in background test 
number 1836. In the second set of measurements on this mirror 
(12-30-71), it was in the ref lec tometer with mirror H-3 from 
background test number 1835. Examination of the data in Table 4-1 
and Figure 5-1 indicates the possibility of slight contamination 
of these mirrors with H-4 having a significant reflectance change 

O 

and H-3 having a borderline change at 1216A. Both mirrors had 

O 

borderline changes at 584A and both had insignificant changes at 

O 

304A. Mirror H-4 was then stored until it was remeasured on 
February 22, 1972 by itself. This set of reflectance measurements 

O 

made after storage indicated borderline changes at 1216 and 5844 

O 

and an insignificant change at 304A. After almost 22 more months 
of storage, the mirror was remeasured along with mirror 25-4 
(12-12-75). This time the reflectance changes were significant 
at all three wavelengths. It appears that this mirror, H-4, may 
well have been contaminated during this mearurement by mirror 
25-4. (See the following discussion.) 



Table 5-1 

REFLECTANCE VALUES OF MIRROR H- 1 

REFLECTANCE, PERCENT 



0 

Wavelength 

O 

O 

bate 

at 304A 

at 5 84 A 

at 1 2 1 6 A 

12-6-71 

3.3 

17.6 

25 . 2 


3.2 

17.5 

23.4 


3.0 

17.5 

23.2 

12-30-71 

3 . 3 

18.0 

21.9 


3.4 

18.0 

21.8 


3.3 

18.0 

21.7 

2- 22-72 

3.2 

IS. 7 

20.9 


3.4 

18.3 

21.2 


3.1 

18.3 

20.8 

12-12-73 

2.1 

15.0 

12.4 

(Order of reflect- 

2.2 

2.2 

15.0 

15.5 

12.5 
1 5 0 

ance measurements 


was 304, 584, 1216) 





5.2.2 Mirror 25-4 

Table 5-2 lists the individual reflectance values obtained .:t each 
wavelength for each date on which mirror 25-4 was measured. The 
reflectance averages for each date and wavelength are plotted 
in Figure 5-2. Mirror 25-4 was initially measured with two other 
new mirrors (1-4-72) after which it was used in background test 
number 1849. It \*as remeasured after the background test (2-21-72) 
along with mirrors 25-5 and 25-6 which had been used in the tests 
of the ATM flight cable (test number 1853) and the ATM insulation 
button (test number 1857), respectively (see Section 4.2). Mirror 
23-4 had positive reflectance changes at ail three wavelengths with 
the change at 5G4A being Jgnificant and those at 304 and 1 2 1 oA 
being bord'. line. The other two mirrors with which it was measured 
had no significant reflectance changes and only borderline changes 
at 584 and 1216A. 
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figure 5-1 Long Term Changes of the Reflectance of Mirror II- 
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TV.ble 5-2 

REFLECTANCE VALUES OF MIRROR 25*4 

REFLECTANCE, PERCENT 



O 

Wavelength 

O 

O 

Date 

at 304A 

at 584A 

at 1216 a\ 

1-4-72 

. 3.4 

20.5 

19.3 


3 . 3 

20.5 

19.3 


3 . 3 

20.2 

19.5 

2-21-72 

3.8 

21 .6 

19.8 


3.5 

21.7 

20.0 


3.4 

21.2 

20.5 

3-23-72 

3.9 

21.1 

19.5 


3.8 

21.0 

19.2 


3.6 

21.3 

19.0 

8-11-72 

3.5 

20.6 

18.4 


3.5 

20.4 

18.5 


3.5 

20.6 

18.0 

10-12-72 

3.0 

18.8 

16.8 


3.0 

19.0 

16.5 


3.0 

18.8 

16.8 

12-12-73 

3.6 

11.5 

9.0 


3.5 

11.5 

8.8 


3.3 

11.3 

8.6 


Mirror 25-4 was stored for approximately one month and then it 
was remeasured ( 3 - 23 - 72 ) with one new mirror and one (Mirror 25-11) 
which had not yet been exposed to any significant contaminant 

O 

source. The reflectance changes at 584 and 1216A were borderline 
again. It was subsequently stored for four and one-half months 
and was remeasured (8-11-72) along with mirror 25-14 from materials 
test number 1916 on the Vi ton PLV 1006A. Mirror 25-4 had border- 
line reflectance changes at all three wavelengths, as did mirror 
25-14. Following two more months in storage the mirror was again 
remeasured (10-12-72), this time with mirrors 25-11 and 25-19. 

The results of Mirror 25-11 are discussed in Section 5.2.3. 
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Mirror 25-19 had been used in materials test number 1941 on the 
sample of silicone impregnated glass cloth which had definitely 
contaminated the mirror, producing a visible deposit and signifi- 
cant reflectance changes at all three wavelengths (see Table 4 - 2 J . 
Following its exposure in the ref lectometer to the other two 
mirrors on 10-12-72, mirror 25-4 had a visible deposit adsorbed 
on its front surface. Presumably the contaminant had come from 
mirror 25-19. Compared to the previous set of reflectance mea- 
surements, the reflectance changes for mirror 25-4 were significant 

O 

at 584 and 1216A. However, (very surprisingly because of the 
visible deposit on the mirror's surface! the reflectance change 

O 

at 304A was only borderline and ivas within 0.5 percent of the 

o 

average of all previous reflectance measurements at 304A for this 
mirror. 


Subsequent remeasurement of mirror 25-4 after 14 additional months 
of storage (12-12-73) showed drastic reflectance changes at 5S4 

O O 

and 1216A while the change at 304A was again only borderline. In 

O 

fact, the reflectance at 304A had returned to the average of 

O 

previous reflectance values at 304A prior to contamination of the 
mirror. The visible deposit was still evident at this time. At 
the present time we are unable to explain why the reflectances at 
584 and 1216A continued to drop during this last storage period 
when, to the best of our knowledge, the mirror was not contaminated 
further after its exposure to mirror 25-19. Possible reasons for 

O 

the surprisingly small changes in reflectances at 304A are 
discussed in Section 6.1.3. 


5.2.3 


Mirror 25-11 


The reflectance on mirror 25-11 was measured on nine different 
days over a twenty- two month period. It was not used in background 
or other tests and the only environments to which it was exposed 
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were its storage container and the ret* lec tome ter . The reflectance 
data foi this control mirror ore listed in Table 5*3 and the 
averaged reflectances for each date are plotted in Figure S-5. In 
its first set of reflectance measurements (1-17-72), mirror 25-11 
was in the ref lactometer with one new mirror and mirror 25-5 
which had been used in test number 1345 on the fiberglass standoff. 
The next set of measurements on 25*11 was two months later (3*25*72) 
when it was in the ref lec tometcr with one new mirror and mirror 
2S-4 (see Section 5.2.2). The reflectance changes at all three 
wavelengths were insignificant for mirror 25*11. It was then 
stored for four and one-half months after which it was in the 
ref lectometer for reflectance measurements (8-11-72) along with 
mirrors 25-12 and 25-13 which were used in background test number 
190S and in material test number 1909 (Viton PLV 10008), respec- 
tively. (Tables 4-1 and 4-2 show no indication of significant 
contamination of mirrors 25-12 and 25-13.) This set of reflectance 
measurements for mirror 25-11 differed from the previous set only 

O 

by borderline changes at 584 and. 30 4 A. and an insignificant change 

O 

at 1216A. On September 20, 1972, after about six weeks more in 
storage, the reflectance of mirror 25-11 was measured along with 
mirrors 25-15 and 25-16, both of which had been definitely con- 
taminated. (Mirror 25-16 was used in test number 1924 on Beta 
Cloth and 25-15 was used in an unnumbered repeat test on the same 
material.) As can be seen in Figure 5-3, the reflectance changes 

O 

at 1216 and 584A ivere significant, perhaps due to cross - contamina - 

O 

tion from the other two mirrors, yet the change at 504A was 
insignificant. The next reflectance measurement set, three weeks 
later (10-72-72), was made with mirror 25-4 and a contaminated 
mirror (25-19) in the ref lectometer with mirror 25-11. The 

O 

reflectance change was insignificant at 304A and those at 584 

O 

and 1216A were borderline. 
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Table 5*3 

REFLECTANCE VALUES OF MIRROR 25-11 

REFLECTANCE, PERCENT 



O 

Wave 1 ength 

O 

O 

Date 

at 30 4 A 

at 5 84A 

at 1216A 

1-17-72 

3.1 

20.9 

18.5 


3.2 

20.6 

18.5 


3.5 

21.0 

18.4 

3-23-72 

3.6 

20.6 

18.4 


3.2 

20.8 

18.2 


3.4 

21.0 

18.3 

8-11-72 

3.0 

21.0 

18 . 1 


2.9 

21.2 

17.9 


2.8 

21.3 

18.1 

9-20-72 

3.0 

18.2 

15.7 


3.0 

18.8 

16.0 


2.9 

18.5 

16.0 

10-12-72 

2.7 

18.0 

15.2 


2.9 

18.1 

15.2 


2.8 

18.2 

15.5 

10- 12-73 

2.9 

18.0 

14.0 


3.0 

17.9 

13.7 


3.0 

18.0 

13.1 


3.0 

18.0 

13.0 


2.6 

18.0 

13.0 


2 . 8 

18.0 

13.0 


2 . b 

18.0 

13.0 


2.7 

18.0 

13.0 


2.7 

18.0 

13.0 


2.8 

17.9 

13.1 


2.7 

18.0 

13.0 


2.7 

18.0 

13.1 

10-30-73- 

2.7 

18.4 

14.6 


3.0 

18.3 

14.5 


2.9 

18.5 

14.6 

11-8-73 

3.0 

19.4 

15 . 5 


2.9 

19.4 

15.0 


2.8 

19.5 

15.0 

11-21-75 

3.5 

18.8 

15.4 


3.5 

18.5 

15.1 


3.4 

. 19.0 

15.2 


*T:ie data obtained on 10-30- 73 was in the following order: 304, 

1116a. In all other measurements of mirror 25-11, 1216A was 
measured first, follcnv’ed by 584 and then 304& last. 
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Figure 5-3 Long Term Changes of the Reflectance of Control Mirror 
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f 

Then mirror 25-11 was stored for one year after which time its 


reflectance was remeasured (10*12-73) along with one new mirror, 


25- 23 . 
at each 


I nd i v i dua 1 
wave 1 ength . 


reflectance measurements were made twelve times 
The reflectance changes from the previous 

O 


o 


measurements i -re insignificant at 534 and 304A while that at 1216A 


was significant. Figure 5-4 shows the individual reflectance 
CnlueS as a function of approximate time in the re f 1 ectometcr . It 
is interesting to note that early in the measurement period the 

O 

reflectance at 1 2 1 6 A showed an apparent drop whereas the measure- 
ments made over the next several hours appeared reasonably stable. 
The reflectances at 584 and 304A were stable throughout the 
measurement period. About two and one-half weeks later (10-30-75) 
mirror 25-11 was again in the ref lectometer , this time with mirror 
25-23 (See Section 5.2.4) and with mirror 25-24 which had been 
used in test number 2192 (see Section 5.3.1). Again the reflce- 

• o 

t twice change at 1216A was significant while that at 584A was 

0 

borderline, yet 304A showed an insignificant change. Nine da-'s 
later (11-8-75) mirrors 25-11 and 25-23 were together again in 
the ref lectometer for measurements. Mirror 25-11 had a borderline 

o o 

change at 1216A, a significant change at 584A, and no change at 

O 

304A. The final set of reflectance measurements on mirror 25-11 
was made some two weeks later (11-21-75) when a borderline change s 

O 

(an increase in reflectance) occurred at 504A for this mirror. A 

O 

significant change at 584A was also observed. However, for the 

O 

first time, the reflectance at 1216A appeared not to have changed 
from the previous measurements. During these final measurements, 
the other two mirrors in the ref lectometer with mirror 25-11 were 
25-23 and 25-28. Mirror 25-28 had been used in test number 2218 
on Beta Cloth in x^hich it had been contaminated (see Section 
S . a * a ) • 
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Figure S-4 Reflectance of Mirror 25-11 on 10- 
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5.2. 4 Mirror 25- 2 3 

Mirror 25- 23, like 25*- 11 (see Section 5.2.3), -.as used only as a 
control mirror and was no-: used in any tests. Its reflectance 
data are given in Table 5-4 and the reflectance averages for each 
measurement date are plotted in Figure 5*5. The reflectance 
measurements on this mirror covered a time period of only about 
six weeks. All four of the measurement sets on this mirror were 
made in the ref lectometer along with the last four sets on mirror 
25-11. In two cases another mirror was also present in the 
ref lectometer during these measurements. 


Table 5-4 

REFLECTANCE VALUES OF MIRROR 25-23 


REFLECTANCE, PERCENT 



O 

Wavelength 

o 

O 

Date 

at 30 4A 

at 584A 

at 1216A 

10-12-73 

2.9 

18.0 

15.0 


3.0 

17.8 

14.7 


3.0 

18.0 

14.0 


3.0 

18.0 

14.9 


2.8 

17.9 

14.0 


2.6 

17 . 5 

14.0 


2.6 

18.0 

14.0 


2.7 

17.9 

14.0 


2.7 

17.9 

14.0 


2.8 

17.5 

14.0 


2 . 8 

17.6 

14.4 


2 . 8 

18.0 

14.2 

10-30-73* 

2.5 

16.6 

13.5 


2 . 5 

16.9 

13.5 


2.3 

16.7 

13.5 

11-8-73 

2.9 

20 . 0 

16.4 


2.9 

20.2 

16.4 


2.8 

19.8 

16.4 

11-21-73 

3.4 

18.5 

16.0 


3.4 

18.5 

15.7 


5 . 5 

18.5 

15.4 


*The^ data obtained on 10-30-73 was in the following order: 304, 
5.'-.a, lllVv. In all other measurements of mirror 25- 25 , 12 L 6 A was 
measured first, followed by 584 then 504A last. 
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In the first set of reflectance measurements on mirror 25-23, 
it was in the ref lectometer with mirror 25-11 when the reflectance 
was measured twelve times at each wavelength (10-12-73). The indi- 
vidual measurements from this first set are plotted in Figure 5-6 
as a function of approximate time in the ref lectometer . This 
mirror, like 25-11, showed an apparent reflectance decrease early 

O 

in the measurement period at 1216A. However the subsequent 
measurements in a several hour time period appear reasonably 

O 

stable as did all measurements of 584 and 304A. In the second 
set of reflectance measurements (10-30-73), mirror 25-23 was in 
the ref lectometer with mirror 25-11 and 25-24 (see Section 5.3.1). 
The reflectances at all three wavelengths decreased for mirror 
25-25 with the reflectance changes being borderline at 1216 and 

O O 

304A while the change at 584A was significant. (As discussed 
in Section 5.2.3, the reflectance measurements made at the same 
time on mi ■"■or 25-11 had shown apparent increases at all three 

O 

wavelengths with a significant change at 1216A and a borderline 

Q 

change at 584A. The changes at all three wavelengths for mirror 
25-24 were insignificant.) 





o 


it 
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APPROXIMATE TIME IN REFLECTOMETCR AT VACUUM -HRS 
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The reflectance measurements made on mirror 25-25 nine days later 
(LI -S- 75), along with mirror 25-11, showed increased reflectances 
to values greater than the initial values. The changes were 

O O 

significant at 1216 and 584A with a borderline change at 304A. 
(Mirror 25-11 had also shown a borderline reflectance increase 

O 

at 1216 and a significant increase at 584A on this date.) In 
the last set of reflectance measurements on mirror 25-23 (11-21- 

O 

73), borderline changes were noted at 1216 and 304A and the change 

O 

at 5S4A was significant. At this time mirror 25-23 was in the 
ref 1 ectometer with mirror 25-il and mirror 25- 28 which had been 
contaminated (see Section 5.3.3). 

5.3 REPEAT TESTS 


In addition to the repeated measurements and analyses of all of 
the data on the control mirrors discussed above, two repeat tests 
were run on samples of each of three materials* which had been 
tested earlier in the program. These repeat tests were run to 

O 

try to determine if the "anomalous" results of 1216A were 
reproducible, and if perhaps the mirrors might he "cleaning-up" 
in the relatively clean vacuum environment of the ref lectometer** . 

The normal reflectance procedure had been to first measure the 

C 

reflectance of mirrors at I216A followed by measurements at 584 

O 

and then at 504A. The purpose of running two tests on similar 
samples was to run after-test reflectance measurements in this 
order on one mirror and on the other mirror to reverse the order 

o 

with measurements at 304A being made first. The hypothesis of 


^Copies of all six test data sheets are contained in Appendix B. 

**'.ve have experienced just this type of situation many times with 
adsoihcd contaminant deposits on magnesium- fluoride-overcoa led 
aluminum f i rs t - surface mirrors measured in the wavelength range 
o 1 5-:s,;u to i ioo A, even to the extent that a visible deposit 
evaporated essentially completely within less than one hour at 
room temperature in vacuum. 
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of the "clean up" effect was th- ‘ if a mirror were contaminated 
with a rather volatile adsorbed contaminant, the contaminant may 
evaporate over a short period of time in the reflectometer . Since 

O 

we normally measured reflectance at 1216A first, perhaps the 
reflectance measurements at that wavelength showed the effects 
of the us*vet-unevaporated. portion of the contaminant. Then the 
additional time required to measure the reflectances at 584 and 

O 

504A (normally about one to two hours at vacuum in the re Hectom- 
eter) might be sufficient for most of the remaining contaminant 
to have evaporated from the mirror's surface such that the 

O 

reflectance measurements at 304A, normally measured last, would 
show no serious effects. 

This testing was very brief because of very limited time, funds, 
and material samples left over from the other tests of the program. 
The only materials which we had remaining on hand in the as * 
received condition and in sufficient size to test were black TeJlar 
and two samples of S-15G paint, like those two used in tests I860 
and 1865. Even so the S-13G samples were only approximately one- 
half the size of the previously tested samples. For lack of other 
materials which hr 1 shown anomalous results, we also reused the 
Beta Cloth sample that had been used in test number 1924. We cut 
it into two pieces for two tests and then ran the tests 20°C hotter 
to compensate for the smaller sample sizes and the 55°C, 72 hr 
vacuum bake the material had gotten in test number 1924. The 
results for all six tests are listed in Table 5-5. 

5.3.1 S-13G Paint 

Test numbers 2192 and 2193 were run on the small samples of S-15G 
paint using mirrors 25-24 and 25-25, respectively. These two tests 
of the S-15G samples were run with the normal ultraviolet screening 
test conditions of 72 hours with a sample temperature of 55°C 
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(rather than the conditions of 24 hours at 100°C which had been 
Ui*od for the previous tests of .S-13G). At the reduced sample 
temperature and with the smaller sample size, the samples failed 
to produce significant contamination of the mirrors. Thus we were 
unable to determine in this case if clean-up were occurring. 

5.3.2 Black Tedlar 

Test numbers 2210 and 2211 were run on two samples of black Tedlar 
using mirrors 25-26 and 25-27. These tests were run with the 
normal ultraviolet screening test conditions of 72 hours with the 
samples at 55°C. Unfortunately, in this pair of tests, instead 

O 

of starting the reflectance measurements at 1 2 1 6 A on one mirror 

o 

and at 504A on the other mirror, the measurements of both mirrors 

O 

were inadvertently begun at 304A preventing us from determining 
in this case if clean-up in the spectrometer were occurring. 

In both of these tests the mirrors showed reflectance increases 
at all three wavelengths with those increases in test number 2210 

O Q 

being significant at 1216 and 584A and borderline at 304A^while 
those in test number 2 2 L 1 were significant at 304 and 584A and 

O 

borderline at 1216A. These values differed from those obtained in 
the first test of Tedlar (No. 18583 in which in a borderline 

O 

reflectance change was observed at 304A, an insignificant change 

O 

was observed at 584A, and a significant change was observed at 
1216A. 

Two possible explanations for the significant reflectance increases 
in the repeat tests are: (1) perhaps the mirrors were contaminated 

before the pretest reflectance measurements (causing abnormally 
low values) and , ubsequently cleaned up during the materials tests, 
ot (2) peri; ips the mirrors were contaminated in the tests and the 
deposits were fluorescing during measurement causing apparent 
reflectance increases. 
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There is no evidence to inJicate that the minors in any of the 
three tests, the first or the two repeats, were contaminated at 
any time during testing or reflectance measurements. Mirror H-6 
used in the first test, was initially measured with two other new 
mirrors. After the first test it was in the re Hectometer for 
measurements with the mirror from test number 1837 of Cat-A-Lac 
black paint, which showed little if any evidence of contamination. 
The two mirrors used in the repeat tests were measured with other 
now mirrors before they were used in the tests, and they were 
together in the ref lectometer with no other mirrors, for the after- 
test measurements. It therefore appears unlikely that inadvertently 
contaminated mirrors caused the observed reflectance increases. 

The black pigment or dye in the present Tcdlar samples masks the 
normal fluorescence of unpigmented Tedlar, which, under visual 
inspection, has a fluorescence emission peak that appears rather 
weak and orange in color (where the wavelength would be on the 

O 

order of 5000 to 6000A). Even if the two mirrors had fluoresced 
appreciably because of adsorbed outgas products of Tedlar, the 
orange emitted radiation would be in a wavelength region not 
detected by the ref lectometer . It thus appears that the observed 
increases in reflectance could not have been caused by this 
phenomenon either. 

further study will be required before increases in reflectance 
such as those observed in the repeat tests of the black Tedlar can 
be explained. 

5.3.3 Beta Cloth 

Because of (1) the unsatisfactory and confusing results of the 
first four repeat tests and (2) the sizes and previous thermal 
vacuum exposure of the Beta Cloth samples, we chose to run the 
two repeat tests of Beta Cloth at a sample temperature of 75°C 
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in the hope definitely producing contaminant deposits sufficient 
to be meaningful. Aa in the previous repeat tests, one purpose was 
to check the hypothesis of cleanup during reflectance measurements. 

These two final tests were numbers 2218 and 2219 using mirrors 
25-23 and 25-29. In both tests the outgas products of the Beta 
Cloth produced visible deposits on the test mirrors. The reflec- 
tance measurements on mirror 25-28 after its use in test number 

O 

2218 were made in the normal order beginning with 1216A. This 

mirror was in the ref lectometer for measurements after the test 

with control mirrors 25-11 and 25-23 which may have already been 

contaminated to some degree (see Sections 5.2.3 and 5.2.4). 

However, the indications from the reflectance measurements on the 

control mirrors are that if cross- contamination occurred, it was 

of the control mirrors by mirror 25-28, and we assume that the 

reflectance of 25-28 was not appreciably changed as a result of 

the other two mirrors being in the ref lectometer at the same 

time. The reflectance of the other test mirror, 25-29 which was 

used in test number 2219, was measured in reverse order beginning 
0 

with 504A, and there were no other mirrors in the refl ectoraete r 
at the time. 

The test results given in Table 5-5 show that the mirrors had 
significant reflectance changes for all measurements but one, 
with the reflectance changes being slightly greater at all wave- 
lengths for mirror 25-28. Regardless of the order in which the 
measurements were made, greater reflectance changes were measured 

o o 

at 1216A than at 584 or 304A. Thus there was no evidence in this 
case to substantiate the hypothesis of cleanup during the measure- 
ments. Obviously, more such tests would be required to further 
test this hypothesis. 
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Section 0 

DISCUSSION OF RESULTS 

6.1 UNEXPECTED REFLECTANCE CHANGES 

Throughout this {.cog ram there were reflectance changes of the 
platinum mirrors which were difficult to understand and evaluate. 
These Included (It significant increases in ref lectunces , (2) 

O 

those changes exemplifying the "1216A anomaly", and ( 3 J unexpected 
changes for no obvious reason. A list of some of the more plausible 
explanations includes the following: 

• The c 1 eanup-dur ing-measurement effect 

• Cross-contamination during measurement 

• have l ength-dependent absorption characteristics 
of contaminants 

• Systematic and human errors 

• Mirror contamination by unexpected sources and 
condl t ions 

• Natural aging of platinum coatings 

• Optical interference effects and scatter losses 

6.1.1 Clean-Up Effect 

The clean-up effect, as was discussed in Section 5.3, has been 
observed at other times on magnes ium- f luoride-overcoated aluminum 
first surface mirrors used on other programs. However, during the 
repeat tests of this program this effect was not detected. Thus 
we conclude that it probably was not an appreciable factor in 

O 

the "1216A anomaly" we observed on the platinum mirrors in this 
program. 
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Cross ■ Contamination Iiuring Measurement 


1m the data there is substantial evidence of cross -contain inut i on 
between the mirrors while they were together in the vacuum and 
room temperature environment of the ref lectometer. Background 
test numbers 1849 and 1859 generally showed greater reflectance 
changes than did background test numbers 1835 and 1830. The 
mirrors from tests 1849 and 1859 had been in the ref lectometer 
with other, possibly contaminated mirrors, whereas those from 
tests 18 and 1836 were measured together with no possibility 
of cross-contamination by other mirrors. (See Section 4.1.) 

The most obvious example of cross-contamination was that of buek* 
ground-test and control mirror 25-4 when a visible deposit was 
produced on it apparently by outgas products from mirror 25-19 
which had previously been contaminated in test number 1941 by 
the sample of si l i cone - impregnated glass cloth. (See Section 
5.2.2.) Mirror H-4 from background test number 183b was subse- 
quently measured with mirror 25*4 and cross -contaminut ion of H-4 
apparently occurred at that time. (See Section 5.2.1.) 

Another example of cross-contatninution occurred when control 
mirror 25-11, which had previously exhibited only insignificant 
and borderline reflectance changes, became contaminated when it 
was measured along with two mirrors which had been contaminated 
by outgas products from Beta Cloth. (See Section 5.2.3.) it 
is also possible that cross-contamination occurred between mirrors 
25-11 and 25-23 causing the erratic data for 25-25. (See Section 
5.2.4.) Later, both control mirrors 25-11 and 25-23 were 
apparently again contaminated by outgas products from mirror 25- 2S 
which had been contaminated in a repeat test of Beta Cloth. 
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It should be noted that in all of thy examples of c ross -contain inn - 
tiO' 1 , apparently it took place between the time the mirrors were 
placed in the i of lectome te r and roughly one hour later when the 
measurements were begun. It is not valid, however, to say that 
cross -contaminat ion w i 1 t always occur between a significantly 
contaminated mirror and a reasonably clean one. For example, 
mirror 25-1 [from test number 1S40 on aluminized mylar), apparently 
was not contaminated by mirror 2 3-2 when the two were together in 
the re Hectometer and the conditions for cross-contamination 
presumably existed. Mirror 25-2 had been used in test number 1841 
on the AIM Door Seal sample. This sample had the highest weight 
loss of all of the samples tested on this program and the visible 
deposit on the mirror, caused by the door seal, affected the ultra- 
violet reflectance more than the condensed outgas products in any 
other test. 

6.1.3 Wavelength-Dependent Absorption Characteristics of 
Contaminants 


The evidence strongly suggests that the expectation of similar or 
greater reflectance changes at the shorter ultraviolet wavelengths 
(i.e., 304 and S84A) was wrong. It can be seen from the data 

O 

that significant reflectance changes occurred more often at 12luA 
than at the other two wavelengths, and a little more often at 5S4 

O 

than at 304A. Some mirrors, such as those used in tests 1924 
(see Table 4-2) and 2219 (see Table 5-5), and background - test and 
control mirror 25-4 (see Section 5.2.2), were unquestionably 

© 

contaminated an 1 had large reflectance changes at 1216 and 5344. 

© 

Yet they hud no more than borderline changes at 304A. In fact, 
even when mirror 25-4 was contaminated with a visible deposit, 

O 

the reflectance change at 504A was not significant. The other 
mirrors showed less pronounced spectral differences. Even so, to 
varying degrees almost all of them fit the pattern of being more 




F 7 4 -01 


sensitive to contamination at 1216 than at 304A with the* sens it iv • 

0 

i ty at SS^A being somewhere between that at the other two wave- 
lengths. We see no other explanation than the obvious; the 
condensed outgas products are more transparent at 304 than at 
584 and 12 IGA. 

This suggests, at least for various polymers, that optical absorp- 
tance may not be high throughout the ultraviolet portion of the 
electromagnetic spectrum, but, as in the visible and infrared 
regions, absorption bands and "windows" may exist. Moreover this 
suggests that ultraviolet spectroscopy could be used to catalog 
and subsequently identify contaminant deposits even too thin 
to be visually detected. 

6.1.4 Other Causes 

Other possible causes of the unexpected results are human and 
systematic (equipment) errors, contamination of mirrors other than 
during test or storage, natural aging of the platinum coatings, 
optical scatter losses and other optical effects. However, none 
of these appear to be likely causes of the observed results. 

O 

The unexpectedly large changes at 1216A and the other changes that 
occurred in background tests or after the storage of mirrors were 
too regular to be attributable to random errors or the accidental 
contamination of mirrors. Non-random measurement errors could 
also have occurred, but such biased measurements would have had 
little effect on the relative reflectance change results which 
were calculated from the differences of these measurements. 

It is also possible that the reflectances of platinum coatings 
changed naturally with aging. However, we have no strong evidence 
to support this since tho^e control mirrors that showed significant 
reflectance changes follov-ing storage also had a prior history of 
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probably having been contaminated. Furthermore, we would nut 
expect aging to have produced a much more pronounced effect at 

O 

l 2 16 A than at the other wavelengths. 

It also seems unlikely that optical interference effects oi 
scatter losses could have contributed appreciably to either the 

O 

1216A results or to the other unexpected changes. For optical 
interference to have caused the similar patterns of reflectance 
changes observed on the various mirrors would have required that 
either (. 1 J all the contaminant deposits were uniform and had 
similar thicknesses and optical propeities, or (2) the combina- 
tions of different thicknesses and optical properties of each 
deposit were such that the optical effects were similar. Such 
circumstances appear highly improbable. Optical scatter by 
contaminants, rather than absorptance, is also an improbable 
explanation of the observed reflectance changes, because, in 

general, scatter losses at longer ivavelengths would not be 

f 9 1 

greater than those at shorter wavelengths'- . 

The significant positive reflectance changes which were observed 
in this program are not readily explainable at the present time. 
Measurement errors and inadvertent contamination of mirrors are 
obvious suspect causes of such results, but, as we discussed in 
Section S.3.2, there is no evidence at the present time to 
support these hypotheses. More work will be required before 
these positive reflectance changes can be explained. 

6.2 TEST DATA 

A major question pertaining to the test data is whether or not 
the results of the materials tests were affected by the factors 
contributing to the unexpected reflectance changes of the control 
and repeat test mirrors. It appears that, except for the 
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unevpl .unable f o • i t i ve reflectance changes, the other unexpected, 
apparently significant reflectance changes were real and were due 
mostly to cross * contamination and to high sensitivity of the 

O 

platinum mirrors to contamination at 12U>A. 

The cross-contamination observed on the control mirrors was i 
direct result of the practice of measuring the reflectance of 
more that one mirror at a time. This practice has been used at 
BBilC for many years with magnesium- fluoride -overcoated aluminum 
first -surface mirrors. As mentioned previously, we have observed 
cleanup of such mirrors in vacuum at room temperature in time 
periods of a few hours or less. However, for those mirrors we 
had no evidence of appreciable cross-contamination under those 
conditions. We did not expect the platinum mirrors to be 
significantly different, so, in order to keep the cost of the 
current program at a reasonable level, we chose to measure the 
re f 1 ectances of two or three mirrors at the same time whenever 
this was possible. 

It has since become obvious that cross-contamination did occur 
often for the platinum mirrors in the program. However, except 
for two of the background test mirrors (discussed previously) 
which may have been contaminated by other mirrors during 
reflectance measurements, it does not appear that any of the 
background or materials test data were compromised. 


Examination of the test data in Table 4-2 and of the listing in 
Appendix B of the mirrors measured together shows that only 
mirrors 25-17 and 25 18 might possibly have contaminated another 
mirror (25-19) used in a later test (test number 1941). Study 
of the reflectance changes of 25-17 and 25-18, however, shows 
that none of the changes were as large as those generally observed 
on mirrors which later definitely c ross - contaminated other mirrors 
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Therefore, if cross -contaminut ion occurred it probably did not 
affect the results of test number 1941 appreciably. Even if some 
contamination of mirror 25*19 did occur, it probably caused the 
beforc*test reflectance to bo abnormally low, making the reported 
reflectance changes of test number 1941 (which already 
characterize the material as an unacceptable contamination threat) 
smaller than they would otherwise be. 

In all other cases of mirrors from materials tests where a 
significantly contaminated mirror was in the ref lactometer, it 
wus either alone or with a similarly contaminated mirror from a 
test of the same type material, or the other mirrors with it in 
the ref lectometcr had reflectance changes of lower magnitude 
and thus probably did not cause the observed changes of the 
contaminated mirror. 

Tt therefore appears that none of the reflectance changes noted 
for the mirrors used in the present materials tests were due to 
anything but condensation of outgas products from the tested 
materia 1 s . 
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Section 7 

COXCLUS 1 0X5 AND I'liCOMMEX'DAl I OXS 

The conclusions given below are based on limited testing, quite 
often on only one test of a material, or on limited observations 
of a condition or characteristic. Lven so the conclusions are 
in general agreement with the results of extensive contamination 
testing of materials by BBRC on other programs and they are 
considered to be generally valid conclusions. The conclusions 
which were unexpected, yet are not inconsistent with later test 
results, are those pertaining to the rapidity of cross contamina- 
tion of platinum mirrors and the relative insensitivity of the 

0 

reflectance at 5U4A of platinum mirrors to adsorbed outgas 
products . 

The sixteen materials samples which were tested are grouped 
according to their contamination characteristics into four groups 
those which are considered unacceptable, those which . undesir- 
able, those which are borderline, and those which apparently 
represent no serious contamination threat to platinum coated 
ultraviolet-region optics. 

The first group includes the ATM door seal and the silicone- 
impregnated glass cloth, when they will be used at or above 55'C, 
and S-13C white paint (with a 24-hour, 74°C bake at rough vacuum 
pressures) when it will be used at about U)(J°C. These materials 
produced appreciable quantities of ultraviolet-absorbing condens- 
able outgas products and are considered unacceptable in proximity 
to ultraviolet optical surfaces in vacuum. 

The second group includes Beta cloth when used at or above 55^0 
and S-13G white paint (cured in high vacuum at 93°C or higher 
for 24 hour*- or more) when used at about 100°C. These materials 
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arc not as bad as the first group, yet they still caused signi- 
ficant reflectance changes at extreme ultraviolet wavelengths 
and are considered undesirable in proximity to ultraviolet optical 
surfaces in vacuum. 

The third group of materials includes Viton PLV 10008, Vitcn 10UGA, 
Monte x lacing tape, 0-ring compound Y-/47-75, Cat-A-Lac black 
paint, Black Tediar, and S-13G paint when it is vacuum baked as 
for tlte second group. If they are to be used at or above SS^C, „ 
these materials are considered borderline threats and to have a 
reasonable chance to cause some contamination of ultraviolet 
optical surfaces under conditions conducive to contamination. 

Their use should be controlled to fl) prevent 1 ine-of-sight 
conditions between the materials and the optics, (2) prevent use 
of large quantities of the materials, and (3) preven. use of the 
materials where their temperatures are above those of the optics. 

The fourth group of materials includes aluminized Mylar, the 
fiberglass standoff, the ATM flight cable, and the insulation 
button. When used at 55°C or less these four materials appear to 
have sufficiently low potentials for contamination of ultraviolet 
optics that they do not represent a serious contamination threat. 

The three materials tests of samples of S-13G white paint, along 
with the repeat tests on this material, show that higher tempera- 
ture bakes for long periods in high vacuum reduce the contamina- 
tion potential of the paint, and make it comparable to some of 
the better of the sixteen materials tested. 

Cross- contaminat ion often occurs between platinum mirrors in 
vacuum at room temperature. The surprising aspect is that the 
cross-contamination occurs quite rapidly, perhaps in a period of 
an hour or less. Even though evaporation of some outgas products 
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from the contaminated mirror must occur in order for it to cross- 
cont aminutc* another mirror, appreciable cleanup of the contam- 
inated mirror cannot be expected at room temperature. Apparently 
cross-contamination did not compromise the data of the materials 
tests reported above. However, this room-temperature cross 
contamination of one mirror by another previously contaminated 
one has a significant implication for the contamination control 
of instruments. Obviously the non- 1 ine-of -sight placement oi' 
critical elements from contaminant sources does not offer enough 
protection if other intervening surfaces can be contaminated 
and tnen act as new sources of contaminat ion . 

O 

The condition which was called the "1216A anomaly" early in the 

O 

program, i.e., greater reflectance chang. a at 1 2 1 0 A than at 3U 1 

O 

and often at S34A, probably is not an anomaly except that it was 
unexpected. It is apparently the result of contaminants on 

O 

platinum mirrors being more absorbant at 1216A than they ai-f at 
584 and 3D4A. 

There is some evidence th<_ . the contamination characteristics of 
platinum coatings are different than those of magnesium-f luoride- 
overcoated aluminum coatings. Perhaps the platinum is more 
susceptible to adsorbed contaminants, making cleanup of the 
platinum by evaporation of the contaminant less likely to occur. 

Based on the results obtained from the materials tests performed 
under this program, recommendations have already been made con- 
cerning the use of these materials. Even though they were limited 
by the amount of funds available, the investigations in this program 
of the " 1 2 1 6 A anomaly", the sensitivity of platinum mirrors to 
contamination and the cross-contamination of mirrors during 
measure 'out also produced result" that have significant implica- 
tions for other programs involving ultraviolet region instruments, 
such as the large space telescope (LST) . 
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We recommend that further studies be performed to determine 

O 

whether, as the present study seems to indicate, the 1216A i cy ion 
is in fact more sensitive to contaminant degradation than are 
shorter-wave l ength regions. If so, perhaps future materials 
tests need only be performed at this more sensitive wavelength, 
thereby reducing the costs of such test programs. We also recommend 
that further studies be performed to compare the contaminant 
sensitivity of platinum mirrors to that of other mirror materials 
such as gold or magnesium- f luor ide-overcoated aluminum, and to 
examine further the apparent threat of cross contamination of 
mirrors during reflectance measurements. Confirmation of the 
tentative results of this program will have significant cost 
impacts on future programs. Increased sensitivity of platinum 
mirrors to contamination will require tighter, more expensive 
contamination controls, while the danger of cross - contamination 
will require the more expensive measurement of only one mirror 
at a time. 
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Appendix A 
TEST DATA SHEETS 


This appendix consists of copies of the data 
sheets for all background tests, materials 
tests, and repeat tests. 


A-l/A-2 



Re f lcctancc 


IBRC MOS Tc’> . r It 
MATERIAL SjUL. 

nrc.’rtov i 1 "!! * 


path /3. ~ ^ 

TEST NO. /j ’3 3“ 


PROGRAM 


HAi^KiAL - a u T Ule,£.‘jr«un<-i TEST NO . / V 3 3 

CA r EG ORY 3 9 \ N 3 -x c. k. a jr it n <3 5 

MANUFACTURER V PROGRAM ' H ~ ~ Z 

P RE PARA T I ON 

* J ‘-~ " T--I "**** ■■wmi w . . ii 1 — ' I 

CURE - 

TEST CONDITIONS: TIM E#?,£ hrs SAMPLE TEMP S MIRROR TEMP V^ c 

♦ • 1 " 

SAMPLE AREA SAMPLE WEIGHT LOSS C 


S AMPLE AREA 

SAMPLE THICKNESS 



Mirror Nc 

2 00 ' 


90 

No _ 
VUlbU 

80 

Depes 

70 


60 

... 

50 

- 

40 


30 


20 

9 


' " ~" r MIRROR WEIGHT CAIN O.CCOC^p 

Reflectance Reflectance 

be. ore test “* after test 


* ^00# 











Reflectance 




» r*> / 

/ LlAGk 




BBRC MIS ~EST II 

.'•'AT ERIAi. Ts~fT.in s£_ Bxc.ktjt'iun 

c.'atgory ■ ;j /"A/ [ 2 Aak^£^d. 

MA ‘.FACT URL. A ~ 

PREPARAT I ON 

CURE 

TEST CONDITIONS: TIME ^Q<j hrs SAMPLE T 

SAMPLE AREA SA 

SAMPLE THICKNESS - MI 


DATE _ 

TEST NO. ,'F ' A 


PROGRAM AiC-'Z* 


Mirror No. 


¥Q t <j hrs SAMPLE TEMP S$~°C MIRROR TEM P ZS°r 
SAMPLE WEIGHT LOSS g 

MIRROR WEIGHT CAIN *-< 1 -poops' . 

Reflectance Reflectance 

before test ~ m after test 


- „ IV W 

90 .ft 

Visible 

* 

80 


^^kssst 


0 


, . . 

— . — . 



_ 

— w *_ 



— 

0 

o 

- 1 

— + — 

- - t 

P 

t 

t 

♦ 

t 




tn 

vO 

LC 

t-O 

r^. 

O 


o 

00 

tn 


o 

cn 

l n 

o 


K» 

to 

r— C 

Ovi 


rr 

VO 

o 




H 


rH 

r~i 


(NJ 


Wave length - A 


I Reflectance, 
j Before, N i 


304 


3.2 


3.3 /S -0 


Lnan^.e , , , 

■' [ ' * • > i tO> ( 


ioocr, -r ,}/p ' f 3 J + 2 .^ 


ESTIMATED CHANGE PRECISION 



aT^rr As 


3800 













Re Flcctnnce 


BBRC MO S TEST II 




DATE 




MATERIAL C. ^ A- / \<\ Rnot S/ack TEST NO. / ~ Z 

C AT E G o a V Si C 3 l n ' C^)aT//>«a r OjTTckf f 7%°rtyia( C<r>/\TZ * 

MANUFACTURER PauVr Co, PROGRAM ft Jj ? ~ 

PREP A RAT I ON g, AfSFC f PiV>c& lV rt . V»3“3 -p) 

cuRE_.Bv..AysFC ; 2+ h<*x fV 2o* *F C?3.3°cS} 


cure bv 


TEST CONDITIONS : TIME ^ 




irs SAMPLE TEMP * 


MIRROR TEMP ?£* 'c 


SAMPLE AREA 

SAMPLE THICKNESS ft 


Mirror No. 

100 

90 ' 

l£ 

80 ■ ~ Oejjcn i"f 


2 5 o/v< 


5 O/wi SAMPLE WEIGHT LOSS 0,CC^2n 

rw*ar» /»n 4/ fi; (m I RROR WEIGHT C A I N — Q, -cr^g 

Reflectance . Reflectance 

before test after test 




BN P C MOS TEST U 
MATT RIAL 


DAT H /2~2 » 
TEST NO. /*- ~ ^ 


\tJiiSiion , ,• h-Ar*+- 
PROGRAM M.l-'*'. 


M-UIKIAL f ;<X r~. C iLbl KU. , 

C A r n G 0 R V i /.9 ' Fi'Imz *r <Z &**■»?£ i and f OSfd^tlnn . ^ 

MANUFACTURER — — PROGRAM 

preparation ~AslW as recewtsd £omi ^fS PC 

CURE 

TEST CONDITIONS: TIME 7fl,3hrs SAMPLE TEMP csTA MIRROR TEM P ?S°( 

SAMPLE AREA 2 S' clm ^ SAMPLE WEIGHT LOSS Q.CtcZ] g 

SAMPLE THICKNESS jjUjQL MIRROR WEIGHT GAIN Q>C? SO j g 

Reflectance Reflectance 

Mirror No. U~C> before test “* after test 


i,3 hrs SAMPLE TEMP^TA^ MIRROR TEMP 


Reflectance Reflectance 

before test “* after test 


A/ c? . 

V;s}i>U 
DefOS Jr 


o 

c 60 
n 

4 J 

u 

O 50 


~ 40 








- - . 



- 

■ 





a 



. . - 

- 

..... 

... 




© 

... . 




- ■ 

- - ■ ' - 

i, 

- ■ ■ - 



Q 

1 — 

4- 

■ - 1 


r 

t 

♦ 

t 

" 4 

i 

1 

f 



to 

o 

tn 

ro 

r-~ 

o 

o 

o 

o 

o 

O 

CO 

to 

r-H 

o 

cn 

LO 

o 

o 

o 

o 

c* 

K> 

LO 


C4 

t-o 


o 

o 

in 

o 

to 

CO 



r-f 

H 

r-H 

r-H 

f— 1 

eg 

eg 

to 

to 

to 





Wave length - A 

304 58-H 1135 1216 1505 | ±493 I 1657 ! 2000 I 2 S00 3000 1 5500 3SOO 


3 /f \lf\ 


m 


ja 7 


2U 



j No 04 A) /r, A-! o 


ESTIMATED CIW.Cc MtCCISIOX •*' ~ *0,2.7, @ cih'*- lil 











Reflectance 


B8RC MOS TEST II 



MATERIAL All; I 

CATEGORY / n ' 
MANUFACTURER 


PREPARATION 


1 ’Ml 


Mr 


TEST HO. 




-f' * 

7 


^3 f<3> 






PROGRAM A? 5-- 


cu re. ..." : jl < a i * c j a , ,-j t 

TEST CONDITIONS: TIM E ?2,Ohrs SAMPLE TEMP MIRROR TEM P 

SAMPLE AREA SO r.*o ^ SAMPLE WEIGHT LOSS g i £^2Jt K 

CAVtor p TurmTcc *ri. l -r* kitdrad uxintiT tatm — — rr 


SAMPLE WEIGHT LOSS Z 


SAMPLE THICKNESS 
Mirror No. 2o ~ 

Ho 

- 


Reflectance 
before test 


MIRROR WEIGHT CAIN 

Reflectance 
after test 


50 ‘ ' 

4o 

30 “ — 

20 - ® 


10 



9 




■ . •*■ 

~~ 


T~ ' 

* ~ - ■'-* ~ ■■■ 

... . ...... _ 

- 



" 


0 

, + _ 

• *i- - 

- - — •• 1 

t 

♦ 

f 

* 


t 



f 



4 




tn 

o 

LA 

to 



O 

o 


o 


o 

o 


o 

CO 

tO 

*— 4 

o 

o 

LO 


o 

o 


o 


c 

o 


to 

LA 


CM 

tA 

■«r 

o 


o 

IA 


o 


in 

oo 




fi 


r-» 

r*H 

H 


04 

N 


K) 


Kl 

to 


Wavelength - A 




Rcfl cctonee 


bs»c ::os test it 


IS* 


DATE 




o o 


MATERIAL Drs? ^ ; <477*1 TEST NO . 


V • ' 


CATEGORY J3P * 5^. a./ 3 ^ 

«/ “ + 


QrRt fi q s 


MANUFACTURER PROGRAM ,V 

P RE P A RAT I ON ? S jrPC.&i rA orC 

CURE 


j. ^fzd_ T±L /- eJu i T)* */-£■?* 2*.. .US jdL 


TEST CONDITIONS: TIME 92- hrs SAMPLE TEMp jjVr°C MIRROR TEM P Jp °c 

SAMPLE AREA ^ 2 u C/M ^ SAMPLE WEIGHT LOSS f, rTfl-Tj^g 

— r . & _ 

after test 


SAMPLE fHlCKNESS 


100 

90 

80 

70 

GO 


Mirror No. J 


Reflectance 
before test 


MIRROR WEIGHT GAIN 
Re f lectance 


\fisibl& 

Dyc*'T 


*» 


30 

40 

30 

20 

10 


0 - 


o 

to 


0 

r 


•Xt 

az 

lO 


RLPKOilUUUlUTY OP TUP 
ORIGINAL- RACISTS ' pqq^ ~ " ' 


1 

t 

t 

t 

i 

t 

-f 

LO 

o 

in 

to 

r» 

o 

o 

tO 

r— 4 

o 


LO 

o 

o 

r*H 

CM 

K> 

TJ- 

O 

o 

to 

*— I 

i— i 

r-i 

H 

r-t 

CM 

eg 


o 

o 

o 

to 


Wavelength - A 


O O 

o o 

in co 

tr, tn 


S 

1 

304 

3 84'. 

1155 

1216 

1305 

1495 

1657 

2000 

250013000 

5 

5500 | 

3300 

I Reflectance , 5 
| Before, Rj 

3.*? 

Q 


2 Z.C 

* 








Ur 1 C'C v ai 00 , > 

* 4. -i r* L** 

a, vcr , n •, i 


KB 

■ 

T< 









HH 

< . 
!-j.2| -it! 







4. P 




1 KSSSHIBI 

a 



r 







77, 


ESTIMATED CHANGE PPEC I S I ON 


v . 





























t 



iiJ'l: 


• i ILL. « l f 



i-' 1 






nm-mu. < jhjf/i> n J.O_ BiLckar&A nA — ! t v '•'*• 

■pm* t v mm 4 » r ' » « 

CAfBJ .'L'l 
M\%UFI.crURi.ft 

I.LP/.iIL *0:«_ 

CORE 


n^CRAM tfS ril, 


TEST Co .ariuHS: T I ML 72. hrs. * AMI Vi MIRROR TEMP 2^: 




















i 


i 


E mm: ’-vs it vr n 

vuui.u ATM F 

; » » ■ ^ * 1 1 a a 1 1 ii 

CATU.**^ ZX.1.1L 

¥ 






u .-■ t NO . f&S'. a 


? Ca^/e. 

__ !'>•■ i >nV- < - < /V?5.‘ : Q 


PPut AUAn r; TciS /«* 


CURE 


TEST corim r ■ time 72- hrs 'AMPLE TL , 1 P ^X°C MIRROR TEMPffJ^V 
SAMPLE AULA _> SAMPLE hbiMlL 

sample thickness ^ A? cm dt\. mi i *. pop wi.jQir c;in — u 


He n ec .tan ce 
Mirror No. ZT-T before test 


Pci l ec t a nee 
at .k-x t ? . t 













































MATER l M ! -ZUM JD 

CAT EC OR V _3 7" B<Z.c.U^ rt3 uH<j$ 

MANUFACTURER _ 

P RE P A KA T 1 CN 


1 *■ ' ?-0 . { J % 2 ? 

program M SFC, 


TEST CO NO 1 1 IONS : TIM E 26.3hr S SAMPLE TEMP /0Q°c MIRROR TUMPJ 2J£ 

SAMPLE AREA — SAMPLE RE l GUT LO; 3 - tj 

SAMPLE THICKNESS * MIRPOP IvF.IvJlf CAIN — , Jj 

Reflectance Reflectance 

Mirror No. 2 £’*’■‘£5 before test “* after test ° 


sfaTs^.: 



■ !■■■*■ »»» I VP ■! < I 


trrr.rt n^t: 


m 


|J&2US3t 


S 




acts 


mmsi 



5555*5; 


zasstt 


Ret lec tan 


Wavelength - A 


ono 

2500 

3000 

'■: o 

3800 


3 . a | 2 


u:l 


O f 
-XV 



Zo.o 


13-3 


- 11 


O £ 



■» :*' A « 


/ jjI — 
t f*'T 



























Reflectance 






















Ref 1 



























Wavelength - A 

304 534 1135 1 1216 1 1505 1493 1657 2000 2500 5bOn] 3300 3300 






















Wavelength - K 



























































B"RC M»«S MiSi tl 


B 


~7 r> 


material C b ft) . AWy 1±a *RAI : RL~3V£%1 £ s ' w. 

C A 1 l 5 OR V ___ 

MAN'UFACruUR ff k^iflT S V tUnAcjfLOD PHOUliA.*! MSF 

■ BEPAKA i !0V 77*. 47*. A -- r-* IT ft iU&r£ -rTs* n~ M ^ F'C’- 


R 

TEST COM' I T I CMS : Uftfc HO . h r s SAMPLE TEMP^^r MIRROR TEMP 


SAMPLE AREA 2.^0^^ 

SAMPLE THICKNESS s£ a&t 

Ref I ec tatice 

Mirror So. '2.4T- !<T befor e test ~~ ^ 


SAMPLE WEIGHT LOSS 

MIRROR WEIGHT GA i X 

Rc t lee t ante 
1 after test ° 


K 


1 Reflect :AC; 
s Be fo r- , E: 

t 


" After Tr,’ 


50 4 

384 

2 -A" 

/*i" 


50 A 384 1 155 1216 1505 1493 1657 2000 2500 5000 55HJ 3300 


/?•? 


72 




CRA..V5, PARC I S IUM^ r£l£%j&JZL*. 




















L£lC 


c A n -C on V / /: / = -cL*bj n‘+c * ar _ _ „ _ 

MA f U l A C i ! »*•’ * ^ _ 

pr: r * *A 1 1 y^^haittJLaX JXC0t4/A*£. „ 

cufu: ef/)£nj*±m _._. ... _ — * 

TEST CO;vb I f i OWi : T 1 Mb fljg. :>r<; ^ > r 'LE T U tP £Sl& :U 1<R0R TEM.J g Pr 



















Li’ t ' A A .. 

t A r £ copy *>:* 

MaMTFAL! UKLi‘ 

J=A JL.S,. 


1 .. :-* ! l 


PPt'CRA 


P U’A i I ON *44 ‘Atjaa 


test co*-;uiTio;. r j : ft Mb 

SAMPLE AREA ** 5 


S.V’.Pl L \J'" SS°v. MIPROiv I EMP f 


SAMPLE tviMOhl l.OSi 


SAMPLE TH1COLSS ^ a, { cirv\ tliPRUR IVHtGlU* YMfi 

Rc f 1 eetattce ,. lie f 1 ect anre 
Mirror Ko. be lore test ~ * ;: after test “ ° 


sHsn 


:as: 


f It- : t rnce 


length 


304 5Si 1135)1216 1305 1495 165: 


zs\ /M Usr-o 




>500 3SOO 


L ST I MA T c D L‘H \ . Of. P I' I CIS! U.' . A* 























Reflectance 


L s *- * ' ,iY ~ Mf *? *2- 

‘‘tsr 

C,HD; ^ V 3P_j_ .£ -fcLflfff - _ 

f s v.'. <i ,.■• c amt r _ _ 

IMf PAI'A i i OK fLC _ _ 

itnAiiAu^ n , . * 

TEST CO.V.M T KL\T> : l i MV -* *7 *t h r , Si^U T L.MP &£~°c MIRROR 'i£'AVJ>£ 

SAMP LI Ai’i.A ^ <?, & < m 2 ~ i'AMPLl W I. f Cl ill LOSS 

SAMPLE I'r.iaTJliSS a./JSf MIKI-OR ttft I Uj r GAIN — 






















5 '— \x& > ■ . -72 

HVI r»; :•■ I l7j. i _cirfkj3if&4* *. h^cLjadiA “ ; i *•>’•. /* ¥/ , 

GAT ! cor v / / j f -^S r/c,* , _ , _ ___ 

PKEPAi-'A ( JISFC _. . -■— _ 

CUHI3 urtknatAjn _ 

TEST COLD IT i OL'S : I I'M •}£ w., SA.TVLL I IMV SS*C t-'\ i-POit 1 

S /VI I'LL An LA ^ -■•AMFU. WEIGHT LOSS p.p^l 

SAMPLE Till C EXES'* 0,2 cm. MIEMOR WLlLsir GA ! N 


SAM P L L t H ! ChXCS i /v> Q ,% <;**. 

lie i’l v-: t au :e 
Mirror before te:*t 




Pel 1 1 . , >; , ttice 
after iet t ~ ° 


rEg 





elength 


3 •? 


10.0 


vM*?* 7 



9Z 

lbS7 

2 0 0 0 

:son 



-&r 



.!) Ltl.,:-.GF PRELI vlGM/vai^ 


55 ^ 


/ 

a. Liz-.. 























^ i .■ s ; i 




M-.n-fi.vi ... pAmr.j-.iuM/rx ^jS'ta a- ■ • ■< »>._ ; 2 /? 3 ._ 

' •- • *•’ Or^GoATyj*<&^H*KMAt^c&&Zi* 9 l- 

'•■ •'-” - !'"• UTK 1 . 

t!i - ' 1 1 • 2 r w 5 !! 4 »r. 22 zt£/dL c-o*<$. „# '£. 

gy yHJ^g.j J'jCMM»U 3 A^gg g *Ms & ■2.00° F 4 M 3 rs XX 

TiiSi O.ViiiiTKCo: M-i. 9g. Sir , S-V-JKl:.. ii/M fl[R, J L»R Tc’-'F QS^C 

S V-If'LL AKliA *** /2* &3~<iaviP~ _ S/CVLL V. » .{-^iT LOSS & t 0p6 M / 


S VI? LL AKliA 


S-iCVLL l« l . i i l LOSS /), 


M/ ■ 


i> VPU TH I OAF S J 6# 1* 611* -UKllOK tfli i CUT CA [ N ■ — " 


pjr- Co ATS 5 ! • • I . .•. , 

M i v r u r U'o 2?dT-ZT b e t u i v tc .■ t * 3 



K.'- f l cf ‘ . jnce 
a ‘ t f v test ® 
c t ■••Err •*.: -- 7 ] 




47 -XZX sh- / 




















* ,v rn- 1 ' 

c a r tc < 1 v — _ _ 

M \ L(l-k //T~R.l K-t:. if :,t A! ( frj 3 F (Z 

PRKP.vr 'u r ''y-£±M 3 t&j_^TL 1 &^L£ir-L JkL - 

*> 

w^JHAsgej .-t'A<,««M-aA/(*z *K> 

TEST CO-.UlTiO;^: TIME ?£ . hr. ■•■VH'LL TC 1 . t ' SS°<' MIPROR TEMP g ^ 

SAMPLE *ULA ^ SAMPLE SA iG'U L ^£koc 6 &%. 


SAMPLL '1 HICKNESS rUM cjO ikPH fr r>H PO fU M • “•* - 1 ' Ml f • A ? :-. 

P*~ £<3*r.s* K e n >: s. t a ft c v Re t kif.-ncc 

Mirror Nq, £jT~ 2 <S~ tv fore toot *® After * rs t ~ ® 


IV t - I' -' - 1 


Tt-fivf'. iriS.: :Li 


:"t ,.-i~ 




lect an 


t vro re 


nreTTocti; 


\iter 


rrelenoth 


I13sl 1 210 1 1505 14 95 1657 I V«0 I 2500 S’"!0 3500 ‘500 




/?.*? 


fcjriMATt.. t IA.-.0C phi.cisio : A j^.* gusS -GT? S3. _ J^s_ / 

























?. I.C MOS 'it'-;. 1 [ 




MAfi R] U 


category J.2J 

MA N U F A C T U I- i : R 


pi'CP.-'-r.A no:; 


CURE 


iii-r 


Dj*P^.*LTL 


PROCRA 




SAMP l t A . RLA 


SAMP IF 


TEST CO:, urn ON : TIME 72. hrs SAMPLE 1 £M,P S^°V. MIRROR TEMP^gjf 0 , 

~ SAMPLE WEIGHT LOSS#. QC 0 Q f i 

THICKNESS +>■? >. '. mm. Cf* M 1 RftOR WEIGHT GAIK 


Pf-CoATJSQ 

Mirror No. 2 S- 2 -<« 


Re 1 1 ec tanc e 
before test 


Reflectance 
after test ° 





















! >; r ii 


CAt U'J. -I . J.z_ • ftmti Z t// ££rs; AND 

ttV.UFAcrvui'R jpg Ponr 

muep.-uw r i A- 1 _A 5_gJi£*£iJ'JZ P_ 

CURE — 


program^^.- 


TEST COMUTiOriS: Tt ME hrs S.VIPLE rb'-H’ ^^T 0 ,; MIRROR TEMP £< 


SAMPLE AREA ^ US C.&C SAMPLE UEiOHl LC SS^7, C0€> // 

SAMPLE THICKNESS * W) MIRROR WEIGHT CAiff 

P±-l,oXT£.0 Re f • ec t a ace Reflects ae e 

M i rror M o . 2r-29 before test “ a after test ~ 0 


P/S/9UL 


i rx rr r^ r 


1155 1216 1505 1493 1 6 S 7 2000 2S00 5000 2500 5800 


+/.3 






-jriMAlSD CK.v.,CE PFIECI: 10. .' J *■&. 
















Ref 1 


i a. } " ii 


Rt 3¥8?-{ *' — - 

^ i - '- Qbta cui rJL^FL utiSi &L Coa te d tes; no. 


:a i ty 


c r m w t i- fp A vBgj ros 


i-pt.ciaM m % ?C 


Ti ■ \f,vr [ m: ,>4g ZEc&ty&Q 72 . ///g s <a rT -T 


u M/tAM 


VEST Ca.UlT KT.'S: TIME 72. Urs SAMPLE fhrip 7^°c mirrok temp 2 o°c 


SAM Pl.t VRIA 


C>K 


S AM HU T HI C :•• :.!. - S TtHN 

PA - COAT£V He f 1 ec tance 

Mirror Ko. 2£‘~‘2.f3 before test 


S AM PIE Iv RIGHT 1 , 0 S S £>, q o&'J Lj 

Mi PRO R WLIGHT CAIN •> 

Ref iectance 
1 a f ter t es c " ° " 


£1-ISE 










sv- nc ' TEoT II HATE //.-/£-? 3 

KL3+S1-I 

MAI I K [ A L i? ~7~A '-•••‘ K,| -._2.:4/J 

CAT ten:: I // j ^A a^lgJS — 

M\KUFAC I UEEft ft ^£ ini3 AtANifATT-A/V PROGRAM 

TI’Cl-A RAT r ON ,4 5 /? JCC-g/^gQ . PLOJS^n*. MA.S.. <3Ss3z-4—< iclfjQ 

CURE It M M MO. WJf. _ __ — • 

TEST COUli 1 T I ONS : T I ME Q 3. hrs SAMPLE IE' W_1£2SL M 1 RR0R TEM? _2 5..X 


PROGRAM M 5 ,C.^ 
ra ^ 


SAMPLE AREA 


^ /2.G, 


SAMPLE TH i CRN ESS TV/ /A/ 'SH&.&.T 
pf-coxra.9 Reflect i nee 

Mirror No. 25*~E7 before test 


SAMPLE WEI GHE L US ^ O.CCOHL^ S 

Ml PROP WEIGHT GAIN g 

Reflect ince 
* ai‘ter test ‘ ° 


VI*ldL& A= 


0£pOi/r 1 



301 5S4 1135 i’iS 1505 ! 1493 1057 2000 2500 5200 3300 3S00 


tiH 


O/4-H.O 


tzn 


63 


-Vi 


iMA'fEl) CIIANCK P1U1CISIO, '."*£? 

















Appendix B 

MIRRORS IN REFLECTOMETEK 




Da t e 

12 - 6-71 

12-6-71 

12-50-71 

12-50-71 

1 3-72 

1-4-72 

1-4-72 

1-14-72 

1- 17-72 

2- 21-72 

2- 22-72 

3- 23-72 
3- 23-72 


5-24-72 

3-24-72 

8-11-72 

8- 11-72 

9- 20-72 

9- 20-72 

10- 11-72 
10-12-72 
10-12-73 
10-15-73 
10 -16-73 
1 0 - 3 ■ * - 7 3 



!- 7 4 t . I 


Table B- l 

I.! STING Ob MIRRORS LN 
Tllb RE ELEC TOME i'ER TOGETHER 

Mirrors and Prior Uses 

H-l, 1-1-2, H - 3 (all new) 

H-4, H - 5 , H-6 (all new) 

H-3 (backgtound 1 S 3 S ) » 1 1 - 4 (background 1 856) 

H-5 (test 1857), it - 6 (test 1858) 

25-1, 25-2, 25-3 (all new) 

25-4, 25-5, 25-6 (ail new) 

25-7, 25-8, 25-9 (all new) 

25-1 (test 1840), 25-2 (test 1841) 

25-3 (test 1845), 25-10 (new), 25-11 (new) 

25-4 (background 1S49), 25-5 (test 1853), 25-6 
(test 1857) 

H-4 (storage) 

25-4 (storage), 25-11 (storage), 25-12 (new) 

25-8 (background 1859), 25-9 (test I860), 25-10 
(test 1863) 

25-13, 25-14, 25-15 (all new) 

25-16, 25-17, 25- IS (all new) 

25-4 (storage), 25-14 (test 1916) 

25-11 (storage), 25-12 (background 1905), 25-13 
(test 1909) 

25-11 (storage), 25-15 (unnumbered Beta cloth 
test), 25-16 (test 1924) 

25-17 (test 1925), 25-18 (test 1932), 25-19 (new) 
25-20, 25-21, 25-22 (all new) 

25-4 (storage), 25-11 (storage), 25-19 (test 1941) 
25-11 (storage), 25-23 (new) 

25-24, 25-25, 25-26 (all new) 

2 S - 27 , 25- 28 , 25-29 (all new) 

25-11 (storage), 25-23 (storage), 25-24 (test 2192) 
(cont inued ) 
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Tub I e B 1 (continued) 


Bute 


Minors and Prior Us os 

10 - 50- 75 
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1 i-S - 76 

25- l l 

(-. to i try 1 , 2 5 - 2 5 1 s t o rage ) 

11-5*75 

25-26 

(test 2210 ) , 25- 27 { test 22 I 1 1 

1 1 - : l * 7 5 

25- i t 

(storage), 25-25 (storage), 25 

n-:i-~5 

25 -29 

(test 22191 

1 2 - 1 2 - 7 5 

II - 4 l Storage i , 25-4 (storage) 
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